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Abstract-we have considered different types of magnetohydrodynamic waves as thermodynamic 
systems. We have determined their equations of state and thermodynamic quantities by applying 
Bose-Einstein statistics. Adiabatic changes of the systems are also discussed. In the end, we give a 
comparison of these systems. @ 2000 Elsevier Science Ltd. All rights reserved. 
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1. INTRODUCTION 
In this paper, we briefly discuss different systems of magnetohydrodynamic waves. Assuming their 
energy to be quantized, we use the formulae of electromagnetic waves to obtain their density of 
state and free energy which lead us to determine their equations of state. We compare all these 
equations and thermodynamic quantities and come to very beautiful conclusions. 
2. STATEMENT AND SOLUTION OF THE PROBLEM 
We take Alfven waves and magnetoacoustic waves as systems. We determine their equations 
of state and thermodynamic quantities. Last, we shall compare these systems and draw certain 
conclusions. 
3. SYSTEM OF ALFVl+N WAVES 
We have already proved that Alfven waves can be considered as a system [l]. Here we shall 
discuss this system briefly and calculate only important quantities. Basic equations of magneto- 
hydrodynamics for an ideal medium are (see [2]) 
g + f 0 (PIT) = 0, 
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Dt=Vx v’xB ’ ( > (4) 
fLl?=O, (5) 
where we have considered the permeability of the fluid medium as unity. In these equations, 
p = p(r’, t) is the mass density of the fluid, t the time, v’ = ti(F, t) the velocity, 5’ = S(p, T) the 
entropy density, T the temperature, p the pressure, and B’ the magnetic field. Equation (1) is 
known as the equation of continuity, and equation (5) is Maxwell’s equation. The propagation of 
Alfven waves in an incompressible liquid of infinite electrical conductivity was first discussed by 
Hannes Alfven in September 1942. He proved that for such a case, there is equipartition between 
kinetic and magnetic energy [3]. 
We can determine the dispersion relation of Alfven waves as (see [l]) 
w2= (&.Iq2, 
where w is the angular frequency, l? the wave vector, and C?A Alf%n velocity given by 
(6) 
& being magnetic field and pa being the mass density corresponding to the uniform equilibrium 
state of the fluid. 
Density of State 
The density of state is 
dZ(w) = g dLlJ, 
where V is the volume of the box containing the fluid. 
Free Energy 
The expression for free energy is 
c = S~z,log (1- e-EK/Q) ) 
K 
(8) 
(9) 
where t9 is Boltzmann’s constant times absolute temperature and EK the energy of the Kth 
Alfvenon. Utilizing formula (8), we obtain 
where fiw is the quantum of energy of an Alfven wave (ti being Dirac h). Now taking tw/e = Z, 
using power series for logarithm and integrating term by term, we get 
-TV/3 82 
c=----- . 
3ficA (11) 
Entropy 
(12) 
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Mean Energy 
Equation of State 
PV 
This equation is known as the equation of state of Alfven gas. 
Thermodynamic Potential x 
xa-os+pv 
=[+pV 
Adiabatic Changes 
For reversible adiabatic changes, entropy remains constant. Equation (12) implies 
Equation (14) gives us 
Multiplication of (18) and (19) yields 
Vri30 = constant, 
Vf13 = constant, 
V2/3 . t12 = constant. 
pv213 
82 = constant. 
PV - 413 - constant. 
(13) 
1114) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
Results (17) and (20) are identical with the results of a photon gas. 
Adiabatic Index 
y = ratio of specific heats, 
(21) 
Conclusion 
On the basis of equations (13) and (14), we conclude that energy and pressure of Alfven gas is 
directly proportional to the square of absolute temperature. 
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4. SYSTEM OF MAGNETOACUOSTIC WAVES 
Magnetoacoustic waves were first found by Herlofson. He had suggested that MHD motions 
must also be studied in different compressible fluids under magnetic fields. He proved that transi- 
tion waves occurred between transverse electromagnetic (MHD) waves and longitudinal pressure 
(sound) waves in a fluid of finite compressibility [4]. We have proved that magnetoacoustic waves 
can be considered as a system [5]. We call the quantum of magnetoacoustic waves as “Herlof- 
sonon”. The energy of each Herlofsonon is FILJ (ri being Dirac h and w the angular frequency). 
The dispersion relation of magnetoacoustic waves can be found as 
w2 = (Cl + C;) K2, (22) 
where C, is the speed of sound and K the magnitude of the wave vector I? 
Density of State 
where 
Free Energy 
Entropy 
Mean Energy 
Pressure 
4w3 
dZ = 7ic2wdw, 
AS 
c*s = (c; + c;> 1’2. 
( = _ wv2’3 03 
7rc&Ji2 . 
E=<+dS 
= (9.6)V2i3 . d3 
7rc~sii2 
or 
PV l/3 _ (3.2) 03 
?rC&Ji~ 
Equation (29) is the equation of state of the system of magnetoacoustic waves. 
(23) 
(24) 
(25) 
(26) 
(27) 
(28) 
(29) 
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Thermodynamic Potential 
X=77-es+pv=C+pv 
= _ W)V2’3 3 
nC&.li2 e . 
Adiabatic Changes 
For reversible adiabatic changes, we can prove the following results: 
ve3 = constant, 
PV 4/3 = constant. 
Adiabatic Index 
(30) 
(31) 
(.32) 
(33) 
Conclusion 
In view of expressions (27) and (28), we conclude that energy and pressure of the system of 
magnetoacoustic waves are directly proportional to the cube of absolute temperature. 
5. COMPARISON OF DIFFERENT 
THERMODYNAMIC SYSTEMS 
We observe that the following results are valid for reversible adiabatic changes in the cases of 
ideal gas, photon gas, Alfven gas, and magnetoacoustic waves: 
PV 4i3 = constant, (34) 
ve3 = constant. 1135) 
Now we form Table 1 showing the equations of state and adiabatic indices for different systems. 
Table 1. Comparison of different systems. 
No. System 
Ideal gas 
Alfv6n gas 
Magnetoacoustic waves 
Photon gas 
Equation of State Adiabatic Index 
pV=$ 
5 
3 
PV 2/3 = 7102 9ficA 
2 
PV l/3 _ (3.2) 03 
di2C2 AS 
4 
0;) 
If we look at the third column, we observe that the volume goes on decreasing in the form 
of a geometric progression of four terms having V and V-1/3 as its first term and common 
ratio, respectively. The statistical temperature 8, however, goes on increasing forming geometric 
progression of four terms with its first term and common ratio as 8. The power of the factor 
(tL x phase velocity) goes on increasing in the denominators by one as we jump from one system 
to its consecutive system downwards. Now if we observe the fourth column, we can say that the 
value of y goes on increasing from one system to the other and it becomes infinitely large for a 
photon gas. 
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